Foreign exchange reserve accumulation is one of the preferred strategies to protect against susceptibility to financial crises. At the same time, maintaining a healthy international reserve position has the potential to promote domestic investment by reducing the cost of foreign borrowing through improving international creditworthiness. However, contractionary monetary policy in the form of sterilization operations implemented as part of reserve accumulation strategy could crowd out financing for domestic investment. This study examines the relationship between foreign reserve accumulation and domestic private investment by undertaking a dynamic panel data econometric analysis covering 58 countries over the period 2000-2014. The findings suggest that reserve accumulation is positively associated with domestic private investment in the long run.
Introduction
After a series of economic crisis in various parts of the world during the 1990s, there has been a significant increase in the world international reserves. The stock of international reserves (excluding gold) in 2016 was more than US$9 trillion, up from around US$0.5 trillion in the early 1980s. While China, Japan, and Saudi Arabia account for the lion's share of world reserves, reserve holdings of countries directly affected by financial crises, in particular, those in East Asia, have increased at a faster rate over the past two decades 1 .
Reserve accumulation is a strategy to cushion the domestic economy in the face of significant capital reversals or a sudden stop of capital inflows due to abrupt changes in the assessment of global market risk. Another benefit of having an adequate amount of reserves is the capability to intervene in the domestic foreign exchange market to manage the exchange rate in order to maintain international competitiveness of the economy (Bird and Mandilaras, 2005 , Aizenman and Lee, 2007 , Obstfeld et al., 2010 , Aizenman et al., 2015 .
Aside from these benefits, there are both positive and negative economic implications associated with reserve accumulation. The most obvious negative implication is the 'carrying cost' due to the positive spread between the nation's external borrowing rate and the return from the investment of the foreign asset (Rodrik, 2006) . Another possible implication, which remains relatively understudied, is the impact on domestic investment. Fukuda and Kon (2012) * Arndt Corden Department of Economics, Crawford School of Public Policy. I would like to bestow my appreciation to Professor Prema-chandra Athukorala for guidance, Dr. Megan Poore for editorial help and the two anonymous referees of International Economics for valuable comments. find a positive relationship between foreign reserves and domestic gross fixed capital formation. The authors interpreted this finding as an outcome of the ability to draw on foreign financing under favourable terms thanks to macroeconomic resilience assured by a healthy reserve position. However, studies by Cook and yetman (2012) , Lee and Choi (2010) , and Reinhart et al. (2016) indicate a negative relationship between reserves accumulation and domestic investment. The authors infer this result as evidence of funnelling domestic savings that could have been used to finance domestic investments into international reserves.
The purpose of this paper is to contribute to the fledgling literature on the implications of international reserves accumulation for domestic investment. Compared to prior studies, the paper offers significant improvements in three dimensions. First is the specific focus on private investment. Previous analyses have focussed on total investment that includes both private and public investment. However, the implicit homogeneity assumption of combining private and public investment is debatable because the latter is determined by different factors, including some non-economic considerations. Second, the association between the reserve accumulation and domestic private investment is examined using an investment function, which incorporates fundamental determinants of investment such as output and the cost of capital. Third, the dynamic panel data estimator (ARDL) used in the paper enables to distinguish between the long-run (steady state) and short-run relationship between reserve accumulation and investment, while controlling for country-specific heterogeneity.
The results suggest that, overall, reserve accumulation is positively associated with private investment: a mild negative short-run relationship, which is marginally statistically significant, is more than counterbalanced by a stronger long-run (steady-state) relationship.
This result is robust to the use of alternative specifications of the investment function and its estimation for different subsamples of the countries.
The rest of the paper is organised as follows: The next section undertakes an interpretative survey of the literature on the determinants of reserve accumulation with emphasis on the postulated impact on domestic investment to provide the context for the ensuing empirical analysis. The specification of the estimating equation is discussed in Section 3. Section 4 discusses data sources and variable construction followed by the estimation method in Section 5. Results are discussed in the context of the existing literature in Section 6.
The final section summarizes the findings.
Reserves accumulation and domestic investment
There is a sizeable literature on the underlying economic motives for reserve accumulation by individual countries. One reason behind reserve accumulation is providing insurance against temporary external shocks. In this case, the monetary authority chooses to hold reserves to meet an unanticipated increase in demand for foreign exchange to avert a domestic financial crisis (Heller, 1966) . Flood et al. (2001) find that, aside from the variability in the balance of payments, there is a significant role for exchange rates volatility and openness to trade and capital flows in explaining the behaviour of reserves accumulation. Maintaining international competitiveness through undervalued real exchange rate is another possible motive for countries to accumulate international reserves (Bird and Mandilaras, 2005; Aizenman and Lee, 2007; Obstfeld et al., 2010; Aizenman et al., 2015) .
Side by side with the sizeable literature on the motives for reserve accumulation, some studies have focused on its economic costs. Rodrik (2006) asserts that the cost of holding international reserves amounts have been increased to about 1% of GDP per annum for developing countries from 1990 to 2004. This cost is estimated based on the disparity between the return of liquid foreign assets and the nation's external borrowing rate. Also, the authority that chooses to hold a certain amount of foreign reserves must be willing to bear the opportunity cost of not investing in assets with a better return. Other studies postulate that international reserve accumulation could lead to distortions in the banking sector, asset price bubbles and welfare losses due to forced saving and reduced consumption under limited capital account openness (Mohanty and Turner, 2006; Filardo and Yetman, 2012; and Jeanne, 2012) .
The impact of the accumulation of foreign exchange reserves on domestic investment can occur through various channels. First, the domestic liquidity management of the central bank to limit the inflationary and exchange rate appreciation pressure resulting from the accumulation of reserves 2 can negatively affect private domestic investment through the lower availability of liquidity or higher cost of fund. To offset the excess liquidity caused by the intervention, the central bank can sell some of its stock of government bonds or issuing central bank certificates (sterilized intervention). In a thin and imperfect financial market, this strategy often increases the interest rates on securities used for intervention (Turner, 1991; and Frankel, 1994) . Another less costly way for the central bank to reduce the liquidity is by increasing the required reserves of the banking sector. Observations by Garton (2004) and Filardo and Grenville (2012) show the increase of international reserves in the asset side of the central bank's balance sheet does not always correspond to an equivalent increase of the base money. Therefore, the domestic liquidity management necessitated by the accumulation of foreign reserves could lower the liquidity or push-up the cost of fund, both of which can adversely impact the domestic private investment.
The second possible effect is through the fiscal balance. In a situation where the return on domestic bonds is higher than the return from the investment of foreign reserves, an increase 2 The central bank can accumulate foreign exchange reserves in two ways: by borrowing foreign foreign exchange by directly issuing securities or through swap arrangements with the domestic banks and buying from the domestic foreign exchange market. The latter approach has the consequence of increasing domestic money supply resulting in inflationary pressure and hence real exchange rate appreciation. in reserve holdings by the central bank reduces the amount of profits going to the treasury. 3 This, in turn, could reduce government expenditure or increase taxes, both of which could impair domestic private investments.
Third, foreign reserves level can have a positive impact on investment through lowering the cost of foreign borrowing or through real exchange rate undervaluation. Fukuda and Kon (2012) develop a framework that shows that as the economy build-up its reserves, the ratio between foreign liabilities of the country and reserves decreases, which lowers the cost of foreign borrowing by improving market confidence of the external financial position of the country.
On the empirical side, Fukuda and Kon (2012) provide evidence based on cross-section regression of 134 countries and period of 1980-2004 that confirms the positive relationship between the level of reserves and domestic investment. By contrast, Reinhart et al. (2016) , by applying VAR approach to data for eight Asian countries (India, Indonesia, Japan, Republic of Korea, Malaysia, Philippines, Singapore, Thailand) over the period 1980 -2014, find that increase in reserves reduces domestic investment. They attributed the negative impact to the channelling of domestic savings from domestic investment to acquiring foreign reserves. The authors note that this finding is consistent with the failure of investment rate in Asian countries during the post the 1997 crisis years to recover to the pre-crisis levels. This inference is consistent with the discussion reported in Cook and yetman (2012) and Lee and Choi (2010) . Cook and yetman (2012) 
The model
To test the relation between foreign reserves accumulation and domestic private investments, this paper estimates an investment function that includes foreign reserves as one of its explanatory variables. There is a large volume of literature on the determinants of investment in the economy. The empirical strand of the literature has explored a range of approaches such as the accelerator, neoclassical, Tobin's Q models and Euler equations (Chirinko, 1993 and Caballero, 1999) . Regarding prediction performance and data availability, models based on the accelerator and neoclassical models are preferable compared to Tobin's Q and Euler equations-based models (Oliner et al., 1995) , which emphasize the financial market's ability to assign prices for investment opportunities properly. Dixit and Pindyck (1994) The investment function used in this paper is a modified version of the neoclassical approach pioneered by Jorgenson (1967) . The original version of the function is derived for the profit-maximising representative firms using a Cobb Douglas production function, which assumes that the firm is a price taker in the factor market. According to this approach, the two main determinants of private investment are output ( ) 4 and the cost of capital ( ). The desired capital stock ( * ) has a negative relationship with CoC and a positive association with
Three key factors determine the cost of capital 5 : the interest rate , which is a measure of the opportunity cost of investing in other assets; the depreciation rate of the capital goods ( ); and capital gain/loss due to changes in the price of capital goods ( ). To express the cost in real terms, the interest rate is adjusted by the expected inflation of capital goods and other terms normalized by the general deflator ( ).
Changes in the capital stock is the adjustment of the previous capital stock with the desired capital stock
where is the actual capital stock, hence ∆ is the net investment. is the coefficient of adjustment that accommodates the partial adjustment mechanism, which could be related to changing economic conditions (Blejer and Khan, 1984) .
The investment data recorded on the national accounts refer to the gross investment that consists of net investment and the replacement investment. Assuming the replacement investment follows a linear function of the lagged capital stock, the representation of the gross investment ( ) is as follows
alternatively, by using lag operator , we have
Based on equation (3a), (5) and (1), we can re-express the basic investment equation as
Based on equation (6), investment is not only determined by the output ( ) and the cost of capital ( ), but also by the adjustment coefficient . This study hypothesizes varies with the economic factors namely government investment, institutional quality, and the international reserves, which is the focus of this study. Under constrained financial and physical resources, government investment can negatively affect private investment. On the other hand, government investments in the form of provision of physical infrastructures, and essential health and education services can support private investment (Devarajan 1996, and Khan 2014) . Supportive institutional quality is also important for investment (Svensson 1998, and Buchanan et al. 2012) . As for the international reserves, following the discussion in the previous section, the direction of the relationship with the domestic investment is debatable.
For the empirical analysis, the estimation equation applied is:
where is private investment, and the explanatory variables, with the expected sign of the coefficients given in parentheses, are listed below: As discussed in the previous section, the investment function was derived for a representative profit-maximizing firm which may not be perfectly suitable to estimate the country level aggregate investment since in the national account, GDP which is the proxy used for output, include domestic investment. Therefore, the output variable used here is constructed by deducting domestic investment from GDP to better reflect the domestic demand that is more relevant for the determination of investment.
In estimating the model, GDP (net of investment), private investment, and international reserves are converted to constant 2011 international dollars and then transformed into natural logarithms. The logarithms transformation also applied to the cost of capital. The government investment enters the estimation as a ratio to GDP, while the corruption index enters the estimation without any transformation.
A first look at the data
In general, the level of private investment in the countries covered in this study during the sample period (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) shows an increasing trend. When countries are grouped by income levels, the increasing trend of domestic private investment is much faster in emerging and developing economies compared to the high-income countries. Between 2000 and 2014 the amount of investment in the two former groups of countries has increased by about fourfold.
Meanwhile, for high-income countries, there was a modest increasing trend in the period 2000-2007 followed by a sharp decline during the global financial crisis, and the returning to precrisis levels by 2014 ( Figure 1, left panel) .
As for the foreign reserves, the largest increase occurred in emerging economies. The 
Estimation method
The model is estimated using the dynamic panel time-series approach (Pesaran, 2015) .
This approach is suitable for capturing cross-sectional feature among countries and the dynamic interaction between investment and international reserves in an autoregressive distributed lag (ARDL) model setting. Other than the possibility to accommodate variables in the form of level and differences with different lags, as explained in Pesaran (2015) , the models have ' the advantage that they are robust to integration and cointegration properties of the The autoregressive distributed version with one period lag 12 of Equation (7) 
where denotes the country fixed effects. By gathering the control variables in matrix X, the dynamic panel model with the long-run and short-run relation can be expressed as follows
where ∆ = − , −1 , = −(1 − ), and ′ is the sum of , ′ in equation (8) normalized by 1 − . ′ and 1 ′ is the the explanatory variables' long-run and short-run 11 Relatively large N groups compared to time series standard and relatively large T periods compared to panel standard. 12 It is standard practice to use one period lag when working with annual data. As stated below, in this study an optimal lag length of one is also consistent the Schwarz criterion parameter respectively. The coefficient represents the error correction term, which implies the existence of cointegration if it is negative and significant.
Before estimating the model, it is important to check the time-series properties of the data. The panel data set used in this study has a larger number of countries compared to the period (N>T). A panel unit root testing method that is suitable for this data characteristic is the Harris -Tzavalis (1999) Therefore, the combination of variables with different unit root properties could form a cointegration relation. Given the mixed unit root characteristic of the data series, the panel ARDL is applicable with both the level and differenced variables in the estimation. Note: ***, **, * respectively denotes rejection of the null hypothesis of panels contain unit root at 10%, 5%, and 1% significance level. The test employs the small sample adjustment option.
Results and discussion
Bivariate relationship between domestic investment and foreign exchange reserve is first estimated as a benchmark. The control variables are then added successively. All equations are estimated using the three dynamic panel estimators. An optimal lag length of one is selected based on the Schwarz criterion. The results based on the three estimators are broadly similar, but the estimates based on PMG are preferred in terms of the consistency with the analytical priors and the statistical properties. The Hausman test results confirm that the homogeneity assumption in the long-run element of the PMG estimator is acceptable. This implies that PMG estimators are consistent and more efficient compared to MG estimator. Compared to the DFE estimator, PMG is preferred in terms of better performance in capturing the data variability.
The PMG estimates are reported in Table 4 . The alternative estimates of PMG and DFE are given in the Appendix for comparison. The descriptive statistics and the correlation matrix of the variables are provided in Table 2 and Table 3 in order to facilitate interpretation of the results. Table 4 ), the long run coefficient estimated is positive and statically significant at the 1% level, suggesting that one percentage change in reserves is associated with 0.1 percent increase in domestic private investment. By contrast, the short run coefficient, which is significant only at the 10% level, suggest a milder negative association of reserve accumulation on investment (-0.06). All the average error correction terms are negative and significant across all specifications with a range of -0.3 to -0.2. Thus, the results suggest that the overall (steady-state) relationship between reserve accumulation and private investment is positive: a mild negative short-run relationship is counterbalanced by a stronger positive relationship in the long-run with the adjustment period of 3 to 5 years.
The long-run coefficients of all control variables have the expected signs, and most of them are statistically significant. The output is positively and significantly associated with domestic private investment. As for the cost of capital variable, the coefficients across all specifications are statistically significant with the expected negative sign. The ratio of government investment to output has a positive association in the long-run. This is consistent with the nature of government investments that have a relatively long gestation period such as infrastructure, education, and health facilities where the benefits are not realized instantly.
Finally, the results suggest a positive long-run association between improvement in institutional quality and private investment.
For the short-run coefficients, some coefficient signs are not in-line with the analytical framework. The inconsistencies may be related to the feature of PMG estimation where the short-run dynamics are determined by the estimated lag structure together with the errorcorrection parameter for a specific country (Gemmel et al., 2016) . Also, Pesaran et al. (1999) caution that, unlike the long-run PMG parameters which are consistent and converge to their asymptotic value in a relatively short time, the time needed for the short-run parameters to converge is longer. Therefore, given these possible noises, it is not possible to interpret these coefficients with confidence.
The results run counter to the previous studies that have reported a negative association between domestic investment and the accumulation of international reserves. This divergence could be owing to different sample coverage, both in terms of country and period, methodology, variable measurement, and control variables included in the estimation.
However, the results are consistent with that of Fukuda and Kon (2012) who find a positive relationship between reserves accumulation and domestic investment through lower cost of investment finance. As discussed (Section 2), there are also other possible channels that could be related to this phenomenon. For instance, a high level of reserves enables countries to intervene in the foreign exchange market and maintain the competitiveness of its tradable sector, which in turn deliver a higher demand for investments. Another possible channel is with adequate reserves, firms could allocate less precautionary savings and able to distribute more expenditure for investments. Moreover, the accumulation of international reserves will be more likely to have a negative effect on investment through domestic liquidity contraction only if it is fully sterilized. Note: ***, **, * respectively denotes 1%, 5%, and 10% level of significance. Standard error in parentheses. The long-run coefficients have already adjusted by the error correction term. The GDP variable does not include private and public investments. The cost of capital included is lagged by one period with the assumption of investment decision is based on the cost reflected in the previous year. The Hausman test uses the covariance matrix based on the estimated disturbance variance from the efficient estimator (PMG). Using the covariance matrix based on the consistent estimator (MG) does not change the conclusion.
Robustness check
A series of diagnostic post-estimation test was conducted on the full model (Equation 5 in Table 4 ) to evaluate the misspecification of the functional form, residual heteroscedasticity, non-normality and the serial correlation of the residual. The Ramsey specification test shows that out of 58 countries, only eight do not pass the critical value for the functional form. Two countries do not pass the heteroscedasticity test that is conducted using the Breusch-Pagan (BP) approach. All countries pass the non-normality test of the residual (Jarque-Berra test) and the Lagrange Multiplier (LM) test for the serial correlation. Considering the heterogeneity of the countries in the sample and the assumptions placed by the estimator, based on this result, the author considers the neoclassical model specification augmented with all the control variables estimated using PMG approach is acceptable.
To evaluate the robustness of the estimates, a sensitivity test is done by estimating the full model using PMG estimator by dividing the 58 countries into two groups. The results are reported in Table 5 . Compared to the estimation result using the full sample, changing the sample does not alter the direction of the international reserves coefficient in the long and shortrun. The sensitivity test starts by only using emerging and developing countries as the sample.
In the next estimation, exclusion of China (the country with the largest stock of international reserves) from the emerging and developing countries sample does not have a significant impact on the coefficients of interest.
The variables used to estimate the regressions in this paper has already been carefully constructed to minimize susceptibility to endogeneity. As explained in the data section, the output variable used in the estimation does not include domestic investment. The possibility of collinearity between output and government investment is also addressed by using the ratio of government investment to GDP instead of its level. The cost of capital variable entered estimation with one lag, assuming that private investors make their decision based on last year's cost of capital. The key explanatory variable of interest, reserves accumulation, is considered to be exogenous since the monetary authority does not consider investment as a factor in determining the level of reserves required. The exogeneity of reserves accumulation with respect to investment is confirmed by the empirical finding in Reinhart et al. (2016) .
Another way to check whether the PMG estimation is affected by endogeneity is by augmenting the lags of regressors and dependent variables to make sure the residuals are serially uncorrelated and reduce the bias. Pesaran et al. (1999) assert that for the long-run parameters inference, an augmentation of the order of ARDL model can correct both for the endogenous regressors and residual serial correlation. However, considering the data availability, it is not possible to apply this to all the specifications. The comparison between coefficients estimated using the recommended lag and the augmented lag does not show a significant difference for most cases.
Finally, alternative estimation of the investment equation was undertaken using the system-generalized method of moments (GMM) estimator to check the consistency of the result. This approach aims to overcome the problem of endogeneity by using internal instrumental variables to replace potentially endogenous regressors 13 . The results reported in Appendix (Table A -3) to support the inference of positive long-run association between the reserves and domestic private investment. The p-value of the second order autocorrelation test and the Hansen overidentifying restriction test confirm the internal instruments used for all the regression are statistically acceptable. 13 The system GMM estimated for this paper follows the DFE specification due to the assumption of slope homogeneity both in the long-run and short-run. 
Conclusion
This paper has examined the association of international reserve accumulation with domestic private investment while controlling for the fundamental drivers of investment. The econometric analysis involved estimating an investment equation based on a panel data set covering 58 countries over the period 2000-2014, using an estimation method that helps to delineate short-run and long-run associations while allowing for country-specific heterogeneity.
The findings suggest that one percentage point change in reserves is associated with a 0.1 percent increase in private domestic investment, which more than counterbraced a mild negative association in the short-run. The findings are robust to the estimation of investment function with various combinations of explanatory variables and different sample compositions.
Overall, the results provide support for the policy of relying on reserve accumulation for a cushion against external shock as benefits gained from having a healthy reserve position seems to promote investment in the long run. The mild negative short-run association could represent a cost worth incurring given the favourable long-term relationship and, more importantly, given the individual country's vulnerability financial crises in this era of financial globalisation. 3.97 5.61 6.28 n/a n/a Prob > F 0.00 0.00 0.00 n/a n/a Note: ***, **, * respectively denotes 1%, 5%, and 10% level of significance. Standard error in parentheses. The long-run coefficients have already adjusted by the error correction term. The GDP variable does not include private and public investments. The cost of capital included is lagged by one period with the assumption of investment decision is based on the cost reflected in the previous year. Note: ***, **, * respectively denotes 1%, 5%, and 10% level of significance. Standard error in parentheses. The long-run coefficients have already adjusted by the error correction term. The GDP variable does not include private and public investments. The cost of capital included is lagged by one period with the assumption of investment decision is based on the cost reflected in the previous year. Note: ***, **, * respectively denotes 1%, 5%, and 10% level of significance. Standard error in parentheses. The long-run coefficients have already adjusted by the error correction term. The GDP variable does not include private and public investments. The cost of capital included is lagged by one period with the assumption of investment decision is based on the cost reflected in the previous year. Instrumented variables: private investment and GDP. Orthogonal deviations and Windmeijer's sample correction options are applied in the estimation.
